INTRODUCTION
Observations upon the frequency and amplitude of the respiratory movements of newborn children, recorded in the literature, are conflicting. The rate of breathing per minute is recorded as follows: Dohrn (1), 62; Eckstein and Rominger (2), 37 to 49; Pfaundler and Schlossmann (3), 40 to 45; and Feldman (4) , 44 .
The depth of breathing, expressed in cubic centimeters, is given by Feldman (4) (2) , 10 to 13.
The amount of air breathed per minute is 1300 cc. according to Eckerlein (7) , while Eckstein and Rominger (2) record 600 to 1000 cc. The minute volume per kilogram of body weight is 400 cc. as reported by Feldman (4) , while Pfaundler and Schlossmann (3) say that it varies from 330 to 500 cc.
Observations have been made recently with the apparatus shown in Figure 1 , which are the first to be recorded by this method.
APPARATUS
The features of the apparatus which made possible the accuracy of the method were the size and construction of the Krogh spirometer and the collar arranged to render the system air-tight and the apparatus rigid. The float of the Krogh spirometer is constructed of sheet aluminum 1/5000 of an inch in thickness. Its top measures 9.5 by 7.8 cm. The writing point end of the float extends into the water a dis- tance of 5.3 cm., the opposite end 2 cm. The rubber collar ' is 25 cm. in diameter. The peripheral portion is 2.5 mm. thick, the central portion .5 mm. The central opening is 2.5 cm. in diameter.
Calibration of the spirometer, using a burette and a gravity-bottle for water displacement, indicated that a movement of 10 cc. of air would alter the pointer of the spirometer a distance of 7 mm. No difference in the calibration was noted when the plethysmograph was included in the system with appropriate fixation of the rubber collar, to simulate that effected when the infant was in position.
To determine the error introduced by rapid changes of air volume, further calibration was carried out by the use of a new Record syringe. The latter by calibration was set to transfer 21.4 cc. of air per stroke. Using very slow movement of the piston the position of the spirometer pointer moved a distance of 13.0 mm. for each 21.4 cc. of air transferred. Employing an alternating filling and emptying of the spirometer, at a rate of 54 fillings per minute, 15.2 mm. displacement of the pointer was the average produced per stroke, whereas a rate of 104 per minute increased this movement to 15.5 mm. per average stroke.
With the plethysmograph in the system, the neck opening of the collar plugged with a beaker, the crescentic shutter in place, and the lower part of the collar also made rigid by slight constant pressure against the beaker, calibration was repeated. Moving the syringe at a rate of 54 strokes per minute, the pointer moved 15 mm. on the average, while a rate of 104 gave a pointer excursion of' 15.1 mm.
The observations were carried out upon infants born in the University of Pennsylvania Hospital during the months of June, July, August and September 1930. Tests were made within the first day or two of birth when possible (Table 3 ). The selection of infants was based upon size and the fact that careful physical examination revealed no abnormalities. Of 74 tested infants, one later exhibited signs of parathyroid tetany and three developed a mild degree of dehydration fever. Three-quarters of the entire group of 74 infants were observed by one of us in the outpatient department for the three months following the breathing tests and were normal throughout that time. C -4Of00 '. v-40=00 t-t-'.00 00 t-
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RESULTS
Of the 74 infants described in Tables 1 and 2 , records were obtained from 47 during sleep, and also from 3 others, not sleeping, satisfactorily uniform records were secured. The results for these 50 infants are given in Table 1 . The results for the remaining 24 infants are given in Table 2 . The summaries found in the other tables and graphs and our conclusions are based upon the material in Table 1 . The material in Table 2 is included for the sake of completeness and to show the difficulty of. securing records of sleeping breathing and to indicate the great variability in the respiratory movements in the newborn child. A summary of the data dealing with the ages of the 50 subjects described in Table 1 is recorded in Table 3 . The majority were tested during the first 48 hours of life. The maximum, minimum, and average figures for breathing rate, depth and minute volume are recorded in Table 4 . The figures for rate and minute volume in this table are based upon the three samples (A, B, and C, Table 1 ) for each of the 50 infants. The mean tidal air is computed from the average rate and minute volume of the three samples from each infant. Both are based on 150 samples with the group average computed differently. These observations indicate the wide variation which may be expected in the breathing rate and amount of ventilation in sleeping newborn infants, and also the variation in mean tidal air.
A frequency distribution of the breathing rate is found in Figure 4 . It is based on the 150 samples of the 50 infants described in Table 1 . It will be evident that the largest group of infants breathed less than 40 per minute, though the average rate was 43.1 (Table 4) . However there was a marked decrease in numbers of infants whose rate exceeded 50 per minute. Figure 5 records the frequency distribution of the minute volume of air in the 50 sleeping infants. The largest group of infants breathed between 600 and 700 cc. per minute while extremely few breathed more than 1000 cc. These observations, like the ones in Figure 4 , are based upon the 150 samples from the 50 infants. Figure 6 is a graphic record of the depth of the breathing, based on the mean tidal air for each infant ( Two infants were tested twice daily (Table 5) . Their records indi- Four infants were tested on each of three successive days (Table 6 ). These records like the preceding ones (Table 5) indicate wide variation in breathing activity and show the change that can be expected in the same infant from day to day. Both sets of observations show clearly that the ventilation is increased chiefly by an increase in rate, rather than by an increase in the depth of breathing. These infants (Tables   5 and 6) were measured under conditions similar to those maintained for the subjects of Table 1 .
COMMENT
The observations recorded in Tables 1 and 2 are presented simply as a set of physiological measurements. An attempt to correlate the variations of the respiratory movements with other factors failed to yield deductions of any value. The study, however, indicates that the plethysmographic measurement of the breathing of the newborn is a practical and accurate method.
Even when sleeping, the breathing of the newborn infants appears to vary within rather wide limits. This is observed chiefly in changes of rate, while the depth of the breathing remains relatively uniform. Thus breathing varies for reasons that as yet are not understood. In view of this marked variation, which is to be found in the same infant at different periods of the day, as well as on successive days, it is evident that in estimating the infant's physical condition its breathing rate should not be unduly stressed and this normal variation in breathing rate should be taken into consideration.
It has been stated that there is a gradual expansion of the lung in the newborn infant from day to day ditring the period immediately after birth. The present observations confirm this statement as will be seen by a glance at Table 6 . It will be noted that the mean tidal air in infants B, C, and D increased with age. Our observations indicate that the degree of lung expansion cannot be estimated satisfactorily if only a few measurements of the rate of breathing and minute volume are taken into consideration, since these vary so widely from day to day. The breathing rate as observed by us agrees fairly closely with rates noted by previous authors. The mean tidal air of the sleeping infant, however, appears to be less than that recorded by other observers. Also the minute volume measurements recorded by us are lower. The It should be stated here that the present measurements are the only ones yet made upon a series of sleeping infants. For that reason they cannot be compared statistically with those of observers who measured wakeful infants.
